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Coexistence of sympatric felids is facilitated by mutual avoidance and the partitioning of habitats, prey, and 
time. Anthropogenic disturbances disrupt this coexistence in fragmented landscapes, potentially triggering 
cascading influences in ecological communities. We used photographic data from 8,717 trap nights (Novem-
ber 2014–June 2016) at 87 camera trap sites in Colombia’s middle Magdalena River basin to compare spati-
otemporal overlap among jaguars (Panthera onca), pumas (Puma concolor), their prey, and humans, at sites 
of high and low disturbance, as determined by the human influence index. Human disturbance events (e.g. 
domestic dogs, livestock, and humans, including armed hunters) comprised 38% of all photographs at high 
disturbance sites and 29% of all photographs at low disturbance sites. Differential spatiotemporal overlaps 
were recorded between felids and their prey at high versus low disturbance sites, with jaguars exhibiting 
only 13% temporal overlap with humans at high disturbance sites. Among prey, temporal overlap was 
greater than spatial overlap for both felids across the study area. Compared to jaguars, pumas displayed 
more temporal overlap with all anthropogenic variables and more spatial overlap with most anthropogenic 
variables, suggesting lesser sensitivity to human disturbances. This study provides the first insights into the 
responses of a threatened large carnivore, jaguar, to camera trap-derived human disturbance variables in 
an unprotected landscape. It also highlights the importance of using multiple disturbance types for evalu-
ating human impacts on large carnivores. 
 




La segregación en hábitats, presas y patrones temporales de actividad facilita la coexistencia de especies de 
felinos simpátricos. Sin embargo, las perturbaciones antropogénicas pueden alterar la coexistencia en pai-
sajes fragmentados, resultando en efectos de cascada sobre las comunidades ecológicas habitadas por estos 
felinos. En este trabajo empleamos registros provenientes de un esfuerzo de 8,717 cámara-trampa/ noche 
(Noviembre de 2014–Junio de 2016), distribuido en 87 sitios de muestreo en la cuenca media del río Magda-
lena en Colombia, para comparar la superposición espaciotemporal entre jaguares (Panthera onca), pumas 
(Puma concolor), sus presas y humanos en sitios de alta y baja perturbación. Los eventos de perturbación 
humana (e.g. presencia de humanos, perros domésticos, ganado) comprendieron el 38% y 29% de los regis-
tros en sitios de alta y baja perturbación respectivamente. Se registraron diferencias en el solapamiento es-
paciotemporal de felinos y sus presas entre sitios de alta y baja perturbación. En sitios de alta perturbación 
los jaguares exhiben solo un 13% de superposición temporal con humanos. Con respecto a las presas, la 
superposición temporal fue mayor que la superposición espacial para ambos felinos. En comparación con 
los jaguares, los pumas mostraron una mayor superposición temporal con todas las variables de actividad 
antropogénica, al igual que una mayor superposición espacial con la mayoría de estas variables. Esto sugiere 
una menor sensibilidad a las perturbaciones humanas por parte del puma. Este estudio proporciona el pri-
mer acercamiento a las respuestas del jaguar, un depredador tope amenazado, a las variables de pertur-
bación humana a escala local derivadas a partir de registros de cámara trampa en un paisaje desprotegido. 
Así mismo, este estudio destaca la importancia de utilizar múltiples tipos de perturbaciones para evaluar 
los impactos humanos en grandes carnívoros. 
 
Palabras clave: Cámaras trampa, Colombia, Jaguar, Perturbaciones humanas, Puma, Superposición temporal 
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Humans have modified ~75% of the Earth’s land 
surface, largely through agricultural development 
(Venter et al. 2016). When natural habitats become 
fragmented by expanding agriculture, roads, and in-
frastructure, large carnivores frequently are among the 
first species to experience population declines (Estes 
et al. 2011; Wolf and Ripple 2017). Large felids are par-
ticularly vulnerable to poaching and other anthropo-
genic threats in fragmented landscapes because of 
their extensive home ranges and carnivorous feeding 
habits, both of which place them in direct competition 
with humans for limited resources (Jorgensen and 
Redford 1993; Paviolo et al. 2009; Foster et al. 2016). 
These apex predators, which can be predominantly di-
urnal in areas with minimal human disturbances, gen-
erally respond to anthropogenic pressures through be-
havioral changes such as spatial avoidance and shift-
ing movements to twilight or night hours (Ngoprasert 
et al. 2007; Paviolo et al. 2009; Yang et al. 2019). By in-
fluencing species interactions such as competition and 
predation, human impacts on large felids’ spatiotem-
poral dynamics can significantly alter the shaping and 
functioning of ecological communities (Hayward and 
Slotow 2009; Azevedo et al. 2018; Yang et al. 2019). 
As the largest terrestrial carnivores in the Neotrop-
ics, jaguars (Panthera onca) and pumas (Puma concolor) 
have significant influence on the functionality of eco-
systems through exertion of top-down control on her-
bivores, seed predators, and mesopredators (Moreno 
et al. 2006; Estes et al. 2011). Absence of these apex 
predators has been associated with dramatic shifts in 
forest structure due to significant reductions in recruit-
ment of seedlings of canopy-forming trees (Terborgh 
et al. 2001; Jorge et al. 2013). 
Compared to jaguars, pumas occur across a much 
wider distribution along both latitudinal and altitudi-
nal gradients (Young and Goldman 1946). Jaguars are 
extirpated from approximately 50% of their historical 
range while pumas have one of the largest geographic 
ranges of any terrestrial mammal in the Western Hem-
isphere (Ripple et al. 2014; Wolf and Ripple 2017). In 
most cases, pumas also have more adaptable habitat 
requirements and therefore usually are more resilient 
than jaguars to habitat disruptions (Paviolo et al. 2009; 
De Angelo et al. 2011; Sollmann et al. 2012). 
However, at present, the effects of fine-scale human 
disturbances on pumas and jaguars are poorly under-
stood because range-wide, most camera trap studies tar-
geting these felids are carried out in national parks and 
other protected areas where human presence is minimal 
or entirely absent (Tobler and Powell 2013; Santos et al. 
2019). As a result, data on puma response to human dis-
turbances in unprotected landscapes are limited and are 
virtually nonexistent for jaguars. 
Agriculture and human infrastructure are pro-
jected to expand considerably in the Neotropics (De Sy 
et al. 2015; Furumo and Aide 2017), highlighting the 
need for a better understanding of jaguar and puma 
spatiotemporal interactions and their responses to dis-
turbances in degraded landscapes. The objective of our 
study therefore was to quantify spatiotemporal over-
lap among both felids, their prey, and various types of 
anthropogenic activity, at sites of high and low dis-
turbance, in Colombia’s middle Magdalena River ba-
sin (hereafter middle Magdalena). The middle Magda-
lena is part of the 76,923 km2 Magdalena-Urabá ecore-
gion, which is the most degraded and least protected 
major biogeographic region in Colombia (Forero-Me-
dina and Joppa 2010; Etter et al. 2017). We hypothe-
sized that both felid species would avoid human activ-
ity spatially and temporally. Because jaguars typically 
exhibit greater sensitivity than pumas to human dis-
turbance (De Angelo et al. 2011), we predicted that jag-
uars would display more spatiotemporal avoidance of 
humans at sites with higher human influence indices 
(HII). We further predicted high temporal overlap be-
tween felids and prey because synchronized activity 
between carnivores and their prey may enable an opti-
mization of foraging time to maximize energetic gain 
(Karanth and Sunquist 2000). 
 
Materials and Methods 
 
Study area.—Our study area in Colombia spanned 
nine municipalities within four departments: An-
tioquia, Bolívar, Cesar, and Santander. The altitudinal 
range of sampled sites is 40–202 m a.s.l. Natural habi-
tats in the study area include lowland tropical broad-
leaf forests, swamps, floodplains, and marshes 
(IDEAM 2014). Agricultural habitats are dominated by 
cattle pastures and oil palm plantations. Most pastures 
and palm plantations are on private landholdings of 
50–200 ha (IGAC 2012). Human population density 
across our study area averaged 37 people/km2; Bar-
rancabermeja, with a population of 199,564 people, is 
the major urban area (DANE 2018). 
Mean annual temperature is 27°C and precipitation 
is 2,500–2,800 mm, with most rainfall occurring in a bi-
modal pattern from April to May and September to 
November (IDEAM 2013). There is a distinct dry sea-
son from December to February during which precipi-
tation averages less than 130 mm/month (IDEAM 
2013). January is the driest month and October is the 
wettest. During our study, the average time of sunrise 
was 0554 h and average time of sunset was 1759 h. We 
estimated these times using the R package suncalc 
(Thieurmel and Elmahraoui 2019). 
Camera trap sampling.—We placed remotely trig-
gered infrared camera traps (Bushnell Trophy Cam, 
Bushnell, Overland Park, Kansas, USA) and remotely 
triggered flash camera traps (Cuddeback Attack, Cud-
deback, Green Bay, Wisconsin, USA, and Pantheracam 
V4, Panthera, New York City, New York, USA) at 87 
sites for an average of 62.33 (SE = 4.3) trap nights (TN) 
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per site during three separate sampling sessions. Cu-
mulatively, these sessions spanned the wet and dry 
seasons between November 2014 and June 2016. Each 
camera site consisted of 1 or 2 cameras set to take pho-
tos 24 h/day with an interval of 1 min between records. 
We revised cameras every 30–45 days to ensure their 
proper functioning. Average spacing between cameras 
was 4.9 km (SE = 0.4 km). 
Camera placement was inhibited by lack of permis-
sion from the management of several oil palm planta-
tions and further constrained by security issues in the 
middle Magdalena, a region emerging from six dec-
ades of armed conflict. The length of our camera sur-
veys also was impacted by seasonal flooding, which 
impeded sampling of some inundated areas flanking 
the Magdalena River. We did not use scents or baits to 
attract animals. We placed most cameras on trails and 
footpaths, which are known travel routes for both felid 
species (Harmsen et al. 2009; Figel et al. 2019a). Cam-
eras were placed on unpaved roads at six locations in 
high disturbance sites and at four locations in low dis-
turbance sites. 
Assessing felid–human–prey temporal overlap.—
For each photograph, we identified the species, date, 
and time. We identified the number of jaguar individ-
uals based on their unique spot patterns. We identified 
puma individuals based on characteristics such as 
kinked tails, scars, tail-tip coloration, and the presence 
or absence of testicles. All photographs of multiple in-
dividuals of the same species (e.g. cows) were consid-
ered a single record. To avoid autocorrelation, we only 
used photographs of the same species from the same 
camera that were taken = 30 min apart. 
We calculated the overlap indices of jaguar and 
puma activity patterns in relation to prey detections 
and several camera trap-derived human disturbance 
variables: humans on foot or horseback, motorized 
traffic (i.e. motorcycles, vehicles, tractors), domestic 
dogs, and livestock (i.e. cows, buffalo, horses). We 
classified photographic records into four categories: 
diurnal (active from 5:54 AM to 17:59 PM), nocturnal 
(active between 18:00 PM and 5:53 AM), crepuscular 
(active 1 h before sunrise and 1 h after sunset), and 
cathemeral (activity evenly distributed throughout 
the day). 
We defined jaguar and puma prey species as the 
following: nine-banded armadillo (Dasypus no-
vemcinctus), collared peccary (Pecari tajacu), white-
lipped peccary (Tayassu pecari), paca (Cuniculus paca), 
lesser capybara (Hydrochoerus isthmius), giant ant-
eater (Myrmecophaga tridactyla), lesser anteater (Ta-
mandua mexicana), red brocket deer (Mazama ameri-
cana), and agouti (Dasyprocta punctuata). Collectively, 
these species dominate the relative occurrence and 
mammalian biomass of jaguar and puma diet in the 
lowland Neotropics (Novack et al. 2005; Foster et al. 
2010; Miranda et al. 2018). 
To quantify anthropogenic disturbance, we ex-
tracted a HII for each camera trap site. Available at a 
spatial resolution of 1-km grid cells, the HII is a global 
data set that accounts for cumulative human impacts 
on habitat deterioration (Sanderson et al. 2002). Rang-
ing from 0 (least disturbed) to 50 (most disturbed), it 
includes the following eight human pressures: 1) built 
environments; 2) human population density; 3) electric 
infrastructure; 4) crop lands; 5) pasture lands; 6) roads; 
7) railways; and 8) navigable waterways (Venter et al. 
2016). We considered high disturbance sites to be val-
ues above the median HII across all sites and low dis-
turbance sites to be values below the median HII. 
Activity patterns were based on the proportion of 
photographs recorded during the night (from sunset to 
sunrise) and day (from sunrise to sunset). After convert-
ing temporal data in a 24-h format to radians as a deci-
mal from 0 to 1, we used the R package overlap (Mere-
dith and Ridout 2016) in R.3.6.0 to separately estimate 
activity overlap between felids, their prey, and human 
disturbance types for sites with high and low HII. Fol-
lowing Meredith and Ridout (2016), we used Δ4 for large 
samples (> 50 camera detections) and Δ1 for sample sizes 
< 50. We estimated temporal overlap through the coeffi-
cient Δ. This metric is based on the kernel density of ob-
servations of two species across a 24-h period and 
ranges from 0 (no overlap) to 1 (complete overlap). Con-
fidence intervals (CIs) were obtained as percentile inter-
vals from 10,000 bootstrap samples. 
Assessing felid–human–prey spatial overlap.—
To estimate spatial overlap among felids, prey, and 
disturbance types, we used the Pianka index, which 
ranges between 0 (no overlap) and 1 (complete over-
lap—Pianka 1974; Yang et al. 2019). This index uses the 
proportion of records of each species pair at the sites 
which, in our study, were the relative abundance indi-
ces (RAI—i.e. number of detections per 100 TN for each 
species) at the camera sites: 
 
𝑂𝑗𝑘  =  (∑ 𝑝𝑖𝑗  ×  𝑝𝑖𝑘) / (∑ 𝑝𝑖𝑗






where pij is the proportion of records of species j and 
pik is the proportion of records of species k. We carried 
out pairwise species spatial overlap analysis using the 




Sampling effort and species detections.—Our 
camera traps spanned a disturbance gradient ranging 
from 3.25 to 23.03 on the HII (Figure 1). High disturb-
ance sites had a HII > 6.99 (the median HII across all 
camera sites) and low disturbance sites < 6.99. From 
November 2014 to June 2016, our cameras accumu-
lated 4,919 TN at sites of high disturbance and 3,798 
TN at sites of low disturbance. We obtained 128 and 73 
photographic captures of jaguars and pumas, respec-
tively. At high disturbance sites we recorded 83 detec- 
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Figure 1.—Jaguar and puma detections in relation to the human influence index (HII) in Colombia’s middle Magdalena River basin, 
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tions (1.69 detections/100 TN) of jaguars and 36 detec-
tions (0.73 detections/100 TN) of pumas. At low dis-
turbance sites, we recorded 45 detections of jaguars 
(1.18 detections/100 TN) and 37 detections (0.97 detec-
tions/100 TN) of pumas. Across all sites, analyses were 
based on 14 jaguar individuals and 11 puma individu-
als. Among prey, giant anteaters and red brocket deer 
were detected too infrequently to permit analyses, and 
white-lipped peccaries were not detected by camera or 
track surveys in our study area. 
At high disturbance sites, combinations of humans, 
domestic dogs, and livestock were detected at 86% of 
the camera sites and accounted for 38% of all photo-
graphed events. Among anthropogenic variables at 
high disturbance sites, we recorded detections of cows 
(n = 1,005); humans (n = 725); horses (n = 408); dogs (n 
= 177); buffalo (n = 120); and tractors (n = 16). At sites 
of high disturbance, we also accumulated 21 records at 
10 sites of humans carrying firearms, presumably for 
hunting. Among prey species at high disturbance sites, 
we recorded detections of agoutis (n = 140); lesser ant-
eaters (n = 45); paca (n = 43); armadillos (n = 42); col-
lared peccaries (n = 24); lesser capybara (n = 24); giant 
anteaters (n = 11); and red brocket deer (n = 8). 
At low disturbance sites, we recorded detections of 
humans (n = 339); horses (n = 277); cows (n = 198); dogs 
(n = 104); motorcycles (n = 65); vehicles (n = 50); trac-
tors (n = 23); and buffalo (n = 23). At low disturbance 
sites, combinations of humans, domestic dogs, and 
livestock were detected at 89% of the camera sites, ac-
counting for 29% of all photographed events. At low 
disturbance sites, we recorded detections of agoutis (n 
= 375); collared peccaries (n = 106); paca (n = 75); arma-
dillos (n = 20); lesser anteaters (n = 17); lesser capybara 
(n = 11); giant anteaters (n = 9); and red brocket deer 
(n = 9). 
Temporal overlap of jaguars and pumas with 
prey and human disturbances.—During our study, 
the average time of sunrise was 0554 h and average 
time of sunset was 1759 h. Demonstrated by their sim-
ilar activity patterns with high coefficients of overlap 
(Δ1 = 0.78, CI 0.64 – 0.90 at sites of high disturbance, 
and Δ1 = 0.75, CI 0.60 – 0.88 at sites of low disturbance), 
there was little temporal segregation between jaguars 
and pumas (see Supplementary Data SD1 and SD2). 
However, the two felids displayed distinct responses 
to human activity at high disturbance sites. Whereas 
puma activity patterns displayed very little variation 
between high and low disturbance sites (Δ1 = 0.94, CI 
0.79 – 1.05; Figure 2), jaguar activity patterns varied 
considerably (Δ1 = 0.64, CI 0.52 – 0.75; Figure 3). Jagu-
ars exhibited a peak in activity around 8:00 PM at low 
disturbance sites but at approximately 3:00 AM in high 
disturbance sites (see Supplementary Data SD3).  
With respect to temporal overlap with prey, pumas 
exhibited greater temporal overlaps than jaguars with 
all species, with the exception of paca and lesser ant-
eater, at high disturbance sites. At high disturbance 
sites, the most overlap was with lesser anteater for jagu-
ars (Δ1 = 0.82, CI 0.71 – 0.92) and lesser capybara for pu-
mas (Δ1 = 0.74, CI 0.58 – 0.86). The most overlap with 




Figure 2.—Activity patterns of pumas in high (n = 36 detections) and low (n = 37) disturbance sites in Colombia’s middle Magda-
lena River basin, November 2014–June 2016. During our study, the average time of sunrise was 0554 h and the average time of sun-
set was 1759 h. 
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Figure 3.—Activity patterns of jaguars in high (n = 83 detections) and low (n = 45) disturbance sites in Colombia’s middle Magda-
lena River basin, November 2014–June 2016. During our study, the average time of sunrise was 0554 h and the average time of sun-
set was 1759 h. 
 
uars (Δ1 = 0.69, CI 0.50 – 0.86) and paca for pumas (Δ1 
= 0.85, CI 0.71 – 0.96). Both felids exhibited the least 
overlap with agouti at both sites. 
Compared to jaguars, pumas displayed higher 
temporal overlap with all human disturbance varia-
bles, including livestock. At high disturbance sites, jag-
uars exhibited the least temporal overlap with humans 
(Δ4 = 0.13, CI 0.08 – 0.18) and pumas had the least tem-
poral overlap with humans (Δ1 = 0.27, CI 0.17 – 0.38) 
and tractors (Δ1 = 0.27, CI 0.12 – 0.43; Figures 4 and 5; 
Tables 1 and 2). At low disturbance sites, overlap with 
humans was Δ1 = 0.41, CI 0.29 – 0.53 for jaguars and Δ1 
= 0.36, CI 0.23 – 0.48 for pumas (Figures 6 and 7). At 
low disturbance sites, both felids had the least tem-
poral overlap with tractors: Δ1 = 0.19, CI 0.06 – 0.33 for 
jaguars and Δ1 = 0.25, CI 0.12 – 0.39 for pumas. 
With the exception of domestic dogs and buffalo, 
jaguars exhibited lower temporal overlap with all an-
thropogenic variables at high disturbance sites com-
pared to their overlap at low disturbance sites. This 
pattern was opposite for pumas, which displayed 
greater temporal overlap with most anthropogenic 
variables at high disturbance sites. 
Spatial overlap of jaguars and pumas with prey 
and human disturbances.—Jaguars and pumas exhib-
ited low spatial overlap indices across the study area, 
at both high (0.21) and low (0.30) disturbance sites 
(Tables 3 and 4). At high disturbance sites, five camera 
traps captured both felids, whereas eight cameras cap-
tured jaguars only and seven cameras captured pumas 
only. At sites of low disturbance, four cameras photo-
graphed both felids, whereas 10 cameras captured jag-
uars only and six captured pumas only. 
Between the two felids at high disturbance sites, 
jaguars had higher spatial overlap with all prey species 
except for agouti. Compared to pumas at high disturb-
ance sites, spatial overlaps were much higher between 
jaguar and lesser anteater (7× greater), paca (5×), and 
armadillo (~4×). At low disturbance sites, jaguars had 
higher spatial overlap with lesser anteater (13×), paca 
(7×), and collared peccary (2×), whereas pumas had 
higher spatial overlap with agouti (~1.25×) and arma-
dillo (~2.5×). Spatial overlap between pumas and ar-
madillos was nearly seven times higher at sites of low 
disturbance. 
With respect to disturbance types, indices of spatial 
overlap were higher with jaguars than pumas for all 
types at sites of low disturbance. However, at sites of 
high disturbance, the opposite pattern held: pumas ex-
hibited higher overlap with all disturbance variables, 
except for cows. At high disturbance sites, jaguars ex-
hibited the least overlap with human hunters (0.09) 
and the least overlap for pumas was with domestic 
dogs (0.22). 
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Figure 4.—Human-jaguar activity patterns at sites of high disturbance in Colombia’s middle Magdalena River basin, November 
2014–June 2016. During our study, the average time of sunrise was 0554 h and the average time of sunset was 1759 h. 
 
Unexpectedly, pumas exhibited an opposite response 
to human hunters, with which they had the highest 
overlap (0.63) among all species and human disturb-
ance types (see Supplementary Data SD4). Approxi-
mately one-fifth of all hunters photographed were ac-




This study quantified spatiotemporal overlap be-
tween sympatric jaguars and pumas and different 
types of human disturbance. Both felid species in the 
middle Magdalena exhibited low temporal overlap 
with humans. Compared to pumas, jaguars displayed 
more pronounced spatiotemporal avoidance of human 
activity with a marked aversion to human activity—
especially hunters—at high disturbance sites. Hunting 
can disturb animal behavior more than other rural hu-
man activities (e.g. fishing or horseback riding— Ordiz 
et al. 2012). The collective sounds, sights, and smells, 
of gunshots, bright flashlights, and hunting dogs are 
likely to significantly impact movements and activity 
patterns of cryptic predators such as jaguars and pu-
mas. Yet, the two felid species exhibited contrasting 
spatial responses to human hunters. Whereas jaguars 
displayed extreme avoidance of human hunters, pu-
mas exhibited the most overlap with them across all 
prey and disturbance types. These felids compete with 
humans for similar prey (Foster et al. 2016) and this 
competition may be intensified in the heavily frag-
mented middle Magdalena, especially for pumas. 
Puma activity patterns were very similar between 
the two sites although spatial overlap between pumas 
and all disturbance types unexpectedly increased at 
high disturbance sites. Jaguars exhibited more tem-
poral adjustments to human activity, with peaks in ac-
tivity around 3:00 AM at sites of high disturbance and 
around 8:00 PM at sites of low disturbance. Similarly, 
jaguar activity patterns peaked between 6:00 PM and 
8:00 PM in relatively undisturbed protected areas in 
Belize, Costa Rica, Ecuador, Peru, and Brazil (Harmsen 
et al. 2011; Foster et al. 2013; Blake et al. 2014; Herrera 
et al. 2018; Santos et al. 2019). However, the 3:00 AM 
peak activity pattern we recorded in high disturbance 
sites is not as commonly reported (but see Foster et al. 
2013) and may be a response by jaguars to greater hu-
man disturbances. 
Comparing the felid species’ spatial overlaps, mo-
torized disturbances (i.e. vehicles, motorcycles, and 
tractors) appeared to have more impact on jaguars at 
sites of high disturbance, where the spatial overlap in-
dex was approximately four times lower than it was 
for pumas. However, at low disturbance sites, the spa-
tial overlap index with motorized disturbances was  
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Figure 5.—Human-puma activity patterns at sites of high disturbance in Colombia’s middle Magdalena River basin, November 
2014–June 2016. During our study, the average time of sunrise was 0554 h and the average time of sunset was 1759 h. 
 
Table 1.—Camera trap records (n), relative abundance index (RAI), estimates of coefficients of overlapping (Δ) of native prey and 
human disturbance types with jaguars, and 95% confidence intervals (CIs) at sites of high and low disturbance. Data were generated 
from a camera trap survey in Colombia’s middle Magdalena River basin, November 2014–June 2016. *Detections insufficient for 
analysis. 
 
 High disturbance Low disturbance 
Species n RAI Overlap estimate CI n RAI Overlap estimate CI 
Felids         
  P. onca 83 1.69   45 1.18   
  P. concolor 36 0.73 0.78 0.64–0.90 37 0.97 0.73 0.56–0.87 
Prey         
  D. punctuata 140 2.85 0.27 0.18–0.36 375 9.87 0.28 0.14–0.41 
  T. mexicana 45 0.91 0.82 0.71–0.92 17 0.45 0.63 0.42–0.81 
  C. paca 43 0.87 0.81 0.69–0.91 75 1.97 0.64 0.48–0.78 
  D. novemcinctus 42 0.85 0.63 0.49–0.77 20 0/53 0.69 0.50–0.86 
  P. tajacu 24 0.49 0.32 0.20–0.44 106 2.79 0.42 0.27–0.57 
  H. isthmius 24 0.49 0.58 0.40–0.74 11* 0.29   
Human disturbance         
  Humans 725 14.74 0.13 0.08–0.19 339 8.93 0.41 0.29–0.53 
  Hunters 20 0.39 0.50 0.31–0.68 5* 0.13   
  Cows 1005 20.43 0.28 0.22–0.34 198 5.21 0.38 0.25–0.52 
  Motorcycles 10* 0.20   65 1.71 0.36 0.21–0.50 
  Horses 408 8.29 0.23 0.17–0.29 277 7.29 0.28 0.16–0.41 
  Domestic dogs 177 3.60 0.38 0.29–0.46 104 2.74 0.30 0.17–0.45 
  Buffalo 120 2.44 0.51 0.40–0.61 23 0.61 0.46 0.26–0.64 
  Vehicles 5* 0.10   50 1.32 0.23 0.10–0.37 
  Tractors 16 0.33 0.14 0.02–0.27 23 0.61 0.19 0.06–0.33 
  All motorized 31 0.63 0.19 0.09–0.30 131 3.45 0.30 0.18–0.44 
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Table 2.—Camera trap records (n), relative abundance index (RAI), estimates of coefficients of overlapping (Δ) of native prey and 
human disturbance types with pumas, and 95% confidence intervals (CIs) at sites of high and low disturbance. Data were generated 
from a camera trap survey in Colombia’s middle Magdalena River basin, November 2014–June 2016. *Detections insufficient for 
analysis.  
 
 High disturbance Low disturbance 
Species n RAI Overlap estimate CI n RAI Overlap estimate CI 
Felids         
  P. concolor 83 0.73   37 0.97   
  P. onca 36 1.69 0.78 0.64–0.90 45 1.18 0.73 0.56–0.87 
Prey         
  D. punctuata 140 2.85 0.41 0.27–0.54 375 9.87 0.35 0.21–0.47 
  T. mexicana 45 0.91 0.73 0.57–0.87 17 0.45 0.64 0.43–0.83 
  C. paca 43 0.87 0.69 0.56–0.78 75 1.97 0.85 0.71–0.96 
  D. novemcinctus 42 0.85 0.67 0.51–0.81 20 0.53 0.69 0.50–0.86 
  P. tajacu 24 0.49 0.45 0.29–0.61 106 2.79 0.50 0.36–0.64 
  H. isthmius 24 0.49 0.74 0.58–0.86 11* 0.29   
Human disturbance         
  Humans 725 14.74 0.27 0.17–0.38 339 8.93 0.36 0.23–0.48 
  Hunters 20 0.39 0.63 0.43–0.82 5* 0.13   
  Cows 1005 20.43 0.43 0.31–0.54 198 5.21 0.45 0.32–0.57 
  Motorcycles 10* 0.20   65 1.71 0.46 0.32–0.60 
  Horses 408 8.29 0.37 0.25–0.49 277 7.29 0.36 0.23–0.49 
  Domestic dogs 177 3.60 0.52 0.40–0.65 104 2.74 0.33 0.20–0.46 
  Buffalo 120 2.44 0.65 0.51–0.78 23 0.61 0.53 0.35–0.72 
  Vehicles 5* 0.10   50 1.32 0.35 0.21–0.51 
  Tractors 16 0.33 0.27 0.12–0.43 23 0.61 0.25 0.12–0.39 





Figure 6.—Human–jaguar activity patterns at sites of low disturbance in Colombia’s middle Magdalena River basin, November 
2014–June 2016. During our study, the average time of sunrise was 0554 h and the average time of sunset was 1759 h. 
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Figure 7.—Human–puma activity patterns at sites of low disturbance in Colombia’s middle Magdalena River basin, November 
2014–June 2016. During our study, the average time of sunrise was 0554 h and the average time of sunset was 1759 h. 
 
 
Table 3.—Spatial overlap index values for jaguars at sites of 
high and low disturbance in Colombia’s middle Magdalena 










Felids   
  P. onca–P. concolor 0.21 (0.03–0.44) 0.30 (0.06–0.55) 
Prey   
  P. onca–C. paca 0.25 (0.04–0.53) 0.23 (0.07–0.48) 
  P. onca–D. punctu- 
                ata 
0.23 (0.01–0.46) 0.24 (0.01–0.53) 
  P. onca–T. mexicana 0.14 (0.02–0.34) 0.13 (0.00–0.51) 
  P. onca–D. no- 
                vemcinctus 
0.17 (0.00–0.45) 0.11 (0.00–0.40) 
  P. onca–P. tajacu  0.38 (0.06–0.75) 
Human disturbance   
  P. onca–Human 0.32 (0.06–0.59) 0.43 (0.23–0.71) 
  P. onca–Huntera 0.09 (0.00–0.29)  
  P. onca–Cow 0.31 (0.09–0.56) 0.27 (0.05–0.56) 
  P. onca–Dog 0.13 (0.02–0.42) 0.26 (0.03–0.55) 
  P. onca–Horse 0.16 (0.02–0.45) 0.40 (0.10–0.70) 
  P. onca–Buffalo 0.13 (0.00–0.48) 0.31 (0.00–0.72) 
  P. onca–Tractor 0.20 (0.00–0.59)  
  P. onca–Motorized  
                Dist.b 
0.14 (0.00–0.50) 0.21 (0.00–0.51) 
a Humans carrying firearms. 
b Motorized disturbances combined (motorcycle, tractor, 
and/or vehicle). 
 
Table 4.—Spatial overlap index values for pumas at sites of 
high and low disturbance in Colombia’s middle Magdalena 










Felids   
  P. onca–P. concolor 0.21 (0.03–0.44) 0.30 (0.06–0.55) 
Prey   
  P. onca–C. paca 0.05 (0.00–0.17) 0.03 (0.01–0.10) 
  P. onca–D. punctu- 
                ata 
0.24 (0.02–0.49) 0.30 (0.11–0.53) 
  P. onca–T. mexicana 0.02 (0.00–0.05) 0.01 (0.00–0.07) 
  P. onca–D. no- 
                vemcinctus 
0.04 (0.00–0.15) 0.26 (0.00–0.58) 
  P. onca–P. tajacu  0.19 (0.04–0.36) 
Human disturbance   
  P. onca–Human 0.38 (0.15–0.65) 0.09 (0.01–0.35) 
  P. onca–Huntera 0.63 (0.07–0.91)  
  P. onca–Cow 0.29 (0.09–0.54) 0.14 (0.01–0.38) 
  P. onca–Dog 0.22 (0.02–0.55) 0.12 (0.00–0.63) 
  P. onca–Horse 0.27 (0.03–0.64) 0.23 (0.02–0.50) 
  P. onca–Buffalo 0.31 (0.00–0.60) 0.01 (0.00–0.03) 
  P. onca–Tractor 0.42 (0.01–0.82)  
  P. onca–Motorized  
                Dist.b 
0.62 (0.11–0.89) 0.13 (0.00–0.41) 
a Humans carrying firearms. 
b Motorized disturbances combined (motorcycle, tractor, 
and/or vehicle). 
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double for jaguars than it was for pumas. The relatively 
low spatial overlap between felids and prey exhibited 
across our study area likely is a combination of a de-
pleted mammalian prey base and antipredatory re-
sponse of areas with high predation risk (Laundré 2010). 
As for interspecific interactions between jaguars 
and pumas, our results are consistent with the equivo-
cal patterns documented for these sympatric felids 
across the Neotropics. Most studies documented simi-
lar activity patterns between the two felids (Harmsen 
et al. 2011; Foster et al. 2013; Astete et al. 2017; Herrera 
et al. 2018) but some found evidence of temporal seg-
regation (Harmsen et al. 2009; Romero-Muñoz et al. 
2010; Santos et al. 2019). Similarly, studies with suffi-
cient sample sizes found habitat partitioning between 
jaguars and pumas (Sollmann et al. 2012; de la Torre 
et al. 2017; Palomares et al. 2017; Alvarenga et al. 2018) 
but spatial overlap also is commonly reported (Harm-
sen et al. 2009; Di Bitetti et al. 2010; Astete et al. 2017; 
Santos et al. 2019). Although jaguars and pumas did 
not appear to avoid each other temporally in our study 
area, we found substantial evidence of spatial avoid-
ance. Consistent with our prediction, this spatial seg-
regation was particularly pronounced at high disturb-
ance sites (0.21), where probable puma subordinance 
to jaguars may have contributed to habitat partitioning 
(Elbroch and Kusler 2018).  
Jaguar presence in the middle Magdalena is corre-
lated strongly and positively with wetlands (Figel et al. 
2019a), which generally are not favored by sympatric 
pumas (Sollmann et al. 2012; Palomares et al. 2017; Al-
varenga et al. 2018). Most wetlands in the middle Mag-
dalena are unsuitable for intensive development (e.g. 
large-scale oil palm plantations) due to seasonal flood-
ing. The resulting hydroperiod may create favorable 
conditions by providing jaguars refuge from relatively 
high human disturbance in adjacent pastures and plan-
tations. Further research is needed to determine the ex-
tent to which wetland reptiles contribute to dietary 
partitioning between jaguars and pumas. Infrequently 
recorded in puma diet (Oliveira 2002; Scognamillo 
et al. 2003), spectacled caimans (Caiman crocodilus), 
American crocodiles (Crocodylus acutus), and freshwa-
ter turtles, often comprise the majority of jaguar diet in 
wetlands (Da Silveira et al. 2010). Widely distributed 
in the middle Magdalena (Bock et al. 2010; Moreno-
Arias et al. 2013), these aquatic reptiles could be an im-
portant factor in maintaining jaguar persistence and 
coexistence with pumas. 
Our deficiency of data on jaguar and puma diet in 
the seasonally flooded middle Magdalena precludes 
broader inference on correlations between activity pat-
terns and feeding habits. However, Azevedo et al. 
(2018) found a strong positive correlation between 
puma and prey activity patterns in Brazil. In our study 
area, the high temporal overlap displayed by jaguars 
with armadillos and lesser anteaters is consistent with 
jaguar preference for xenarthrans (Novack et al. 2005; 
Foster et al. 2010). For example, lesser anteaters—
which had the most temporal overlap with jaguars 
among all prey items in high disturbance sites—were 
the second-most frequently consumed prey by jaguars 
in a fragmented landscape of Brazil (Miranda et al. 
2018). Similarly, armadillos are one of the mammalian 
prey items most commonly recorded in jaguar diet 
(Novack et al. 2005; Foster et al. 2010). 
Conservation implications.—This study provides 
insights into the differential responses of jaguars and 
pumas to human disturbances in fragmented land-
scapes. Our results generally suggest greater sensitiv-
ity of jaguars and greater adaptability of pumas to 
modified landscapes, corroborating previous research 
(Paviolo et al. 2009; De Angelo et al. 2011; Sollmann 
et al. 2012). Given our limited sample sizes, more re-
search is needed to determine differential thresholds of 
these felids to various disturbance types in fragmented 
landscapes, including habitats in other ecoregions. 
The spatiotemporal avoidance of humans shown by 
jaguars and pumas may facilitate some human–felid co-
existence in agricultural landscapes but it likely has en-
ergetic consequences, because these predators must ex-
pend more energy to seek refuge in degraded habitats 
(De Angelo et al. 2011; Morato et al. 2016; Yang et al. 
2019). By suppressing the movements and altering ac-
tivity patterns of jaguars and pumas, human disturb-
ances are likely to reduce diurnal foraging opportunities 
and lower rates of reproduction due to the extra energy 
expended to avoid people (Goodrich and Berger 1994; 
Ordiz et al. 2012). For example, if both felids increase 
their nocturnal activity to avoid humans, they are less 
likely to encounter diurnal, larger-bodied species (e.g. 
collared peccaries), which also are favored by human 
hunters (Novack et al. 2005; Foster et al. 2016). 
As an unprotected, degraded region, the middle 
Magdalena is representative of the increasingly wide-
spread human-dominated landscapes where threats to 
jaguars and pumas are more severe compared to pro-
tected areas (De Angelo et al. 2011; Morato et al. 2016; 
Azevedo et al. 2018). Pasture development remains the 
main driver of forest loss in Latin America (De Sy et al. 
2015) and oil palm plantations are projected to expand 
at priority areas within 11 countries where jaguars and 
pumas occur (Garcia-Ulloa et al. 2012; Furumo and 
Aide 2017; Figel et al. 2019b). Because the middle Mag-
dalena already is heavily modified, it may serve a win-
dow into the future of the degraded habitats projected 
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Supplementary data are available at Journal of Mammal-
ogy online. 
Supplementary Data SD1.—Activity patterns of jaguars 
(n = 83 detections) and pumas (n = 36 detections) at high dis-
turbance sites in Colombia’s middle Magdalena River basin, 
November 2014–June 2016. During our study, the average 
time of sunrise was 0551 h and the average time of sunset was 
1758 h. 
Supplementary Data SD2.—Activity patterns of jaguars 
(n = 45 detections) and pumas (n = 37 detections) at low dis-
turbance sites in Colombia’s middle Magdalena River basin, 
November 2014–June 2016. During our study, the average 
time of sunrise was 0551 h and the average time of sunset was 
1758 h. 
Supplementary Data SD3.—Jaguars exhibited a peak in 
activity at approximately 3:00 AM at high disturbance sites in 
Colombia’s middle Magdalena River basin, November 2014–
June 2016. 
Supplementary Data SD4.—Unlike jaguars, pumas dis-
played extensive spatial overlap (0.64) with human hunters at 
high disturbance sites in Colombia’s middle Magdalena River 
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